
Li

~250 um

ca
th

od
e

Channels ~10nm
for ion conduction

Hard matrix for
mechanical support

Initial roughening:
could grow into a
dendrite

Initial roughening

Ragone plot of the energy provided 
by current battery technologies on 
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shown is DOE’s goal for batteries 
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The nanostructured polymer 
electrolyte (NPE) is a solid 
electrolyte designed for use in 
rechargeable lithium metal 
batteries

In conjunction with a lithium 
metal anode, NPE increases the 
specific energy of current 
technologies by a factor of two

Used with high-performance 
electrode materials, it may 
achieve even higher specific 
energy suitable for powering 
zero-emission electric vehicles
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Cell Performance

Charge Transfer Impedances of the Lithium-ion 
Cell at Different AB:PVDF Ratios.

At higher PVDF contents such as 0.2:1 AB:PVDF, 
the active material particles are encapsulated by 
the (AB+PVDF) composite leading to an ion-
blocking effect that dominants the cell resistant. 
This effect can be reduced by decreasing the total 
amount of (AB+PVDF) in the electrode. At high AB 
contents such as 0.8:1 AB:PVDF ratio, AB aggre-
gation caused cell resistant growth is dominant at 
low (AB+PVDF) loading. An increase of the overall 
amount of (AB+PVDF) will significantly reduces 
the impedance. At 0.6:1 AB:PVDF ratio, the cell 
resistance is stabilized regardless of the 
(AB+PVDF) content. 

AB:PVDF = 0.2:1
Charge transfer impedance decrease as 
(AB+PVDF) conductive composite decrease.
Li ion blocking effect is dominant in the binder rich 
composition.
The HPPC test results agree well with the EIS 
test results.

AB:PVDF = 0.8:1
Charge transfer impedance is represented by 
the semi-circle of the EIS curve. 
Charge transfer impedance increase as 
(AB+PVDF) conductive composite decrease.
The HPPC test results agree well with the EIS 
test results.

Not Enough BinderEnough Binder

ke = (c+b-ba) *k0(c/(b-ba)) ke = (c+b-d*ba) *k0(c/(b-d*ba))

d: Competing factor between active
material and AB

Li+ transport at the active material
interface is affected by binder.

Li+

High impedance Low impedance

Electrode Electronic Conductivity
Electronic Conductivity 

& Modeling

Modeling and Experimental Results of the 
Electronic Conductivity of the Composite 
Electrode.

DC-conductivity measured by 4-probe. Modeling 
was taken consideration of porosity and tortuosity 
factors of the AB/PVDF conductive matrix.

The electronic conductivity is higher with 
AB:PVDF = 0.4:1; 0.6:1 compare to 0.8:1 with 
high loading of active materials.

Increase electronic conductivity

Increase ionic conductivity

DSC Method to Determine Parameters: ba & bc

DSC Melting of active material/PVDF and AB/PVDF

Thickness on Active Material: ba = 30 ± 10nm
Thickness on AB: bc = 9.5 ± 3nm
Active Mat.:  AB: d = 1.2 (Fit)
Tortuosity: = 1.1 (Fit)

ba

bc

Fixed PVDF layers not
participate in crystallization

Free PVDF participates in melting and
crystallization
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k = k0(c/b)

Active Material Particles AB/PVDF Conductive Matrix to Provide
Electronic Conductivity

Changed conductivity
per unit volume

k = k0(c/(b-ba))

ba: Fixed binder on
Active materials

k0(c/b)

Matrix Conductivity

Losing binder in the
conductive composite

Nano-scale Interaction in the Electrode Composites  

AB particles Polymer binder

Active material and AB
competing for binder
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Bound and immobilized polymer are fixed layer on particles! 

100 nm

Three Physical States of Polymer in Contact with Particles
Bound Polymer, Immobilized Polymer, and Free Polymer

Particles
Binder 
Interaction

Polymer Binder

Essential

Optional
NCA Electrode

A Cathode Electrode
Diam.: 10 µm
Surface: 0.78 m2/g
Content: 90% (w%)
Scale bar: 10 µm

Diam.: 50 nm
Surface: 60.4 m2/g
Content: 4% (w%)
Scale bar: 100 nm

L 1-10 µm
W~0.1-0.5 µm
Surf.: 15.1 m2/g

Diam.: 7.5 µm
Surf.: 14.8 m2/g

4% (w%)

Scale bar: 1 µm

Scale bar: 4 µm
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material loading, with constant low Li ion block effect. 
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Particles and Binder Interaction in the 
Lithium-ion Cell Electrodes

Presented by: Gao Liu*, Honghe Zheng, Xiangyun Song, Paul Ridgway and Vince Battaglia

Introduction Proper electrode design is critical to meet high power 
performance requirements for lithium-ion rechargeable battery 
applications. Binders and conductive additives, although not 
electrochemically active, are essential components in the 
electrodes. In a simple three component cathode system where 
polyvinylidene difluoride (PVDF) is used as a binder, along with 

active material and acetylene black (AB) conductive additive, 
the dominant interaction between polymer and active material or 
polymer with AB changes proportionately with particle surface 
area. The PVDF binder interaction with the active material and 
AB on the micro or nano-scale plays an important role in 
determining the battery performance.
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Buildings & 
Energy Efficiency
•   Airflow and pollutant transport
•   Commercial and residential building 
     energy systems
•   Demand response technologies
•   Lighting
•   Cool roofing materials
•   Building energy modeling 
•   Ventilation systems—residential and 
     commercial
•   Windows and daylighting
•   Thermal distribution

Markets & 
End Use Energy
•   Electricity markets and policy studies
•   End-use energy forecasting
•   Forestry carbon mitigation
•   Mitigating climate change through energy efficiency
•   Retail markets for electricity

Industry & 
Energy Efficiency
•   Benchmarking energy-efficient practices for industry
•   Energy-efficient data centers, high-technology 
     buildings, laboratories, and motors
•   Laser-material interactions—tools for developing 
     next-generation materials
•   Sensors and diagnostics

Energy-Related
Environmental 
Processes
•   Aerosols—formation, characterization, 
     measurement, and exposures
•   Atmospheric transport and chemistry
•   Climate change—effects of aerosols 
     on cloud formation and the earth’s 
     radiative balance
•   Transport and fate of persistent 
     pollutants
•   Exposure and risk assessment
•   Environmental life-cycle assessments

Power Generation,
Transmission, 
and Storage
•   Advanced batteries for plug-in hybrid electric vehicles 
     (PHEVs)
•   Electric grid reliability technology solutions
•   Fossil fuel emissions studies
•   Fuel cell technology development—advanced materials
•   Ultra-clean, low NOx emitting combustion technology
•   Renewable energy policy analyses

Energy Policy 
(National & 
International)
•   Energy efficiency codes and standards
•   Energy efficiency labeling programs
•   International carbon and energy studies
•   Sustainable technologies for developing nations
•   Technical assistance to federal, state, and 
     international agencies, and foreign governments
•   Water and energy technology 

Indoor Environment
Quality
•   Indoor pollutant concentrations, sources, transport,
     and chemical reactions
•   Exposure assessment
•   Effects on health and productivity
•   Energy efficient mitigation measures
•   Assessing and reducing risks from releases of highly
     toxic agents

To perform research and 

development leading to 

energy and environmental 

technologies, programs 

and policies that  reduce 

adverse energy-related 

environmental impacts. 

Our work increases the 

efficiency of energy use, 

reduces its environmental 

effects, provides the nation 

with environmental and 

economic benefits, and 

helps developing nations 

achieve similar goals.


